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Specification 

IMPROVED POST PLASMA ASHING WAFER CLEANING FORMULATION 

CROSS REFERENCE TO RELATED APPLICATIONS 

Tnis application is a continuation in part application which claims priority of U.S. Patent Application 
Serial No. 08/675^00, filed July 3, 1996, entitled 
Thomas J. Kloffenstein and Daniel N. Fine as inventors. 

BACKGROUND OF t H E INVENTION 

Field Of the Invention 

The present invention relates generally to chemical formulations used in semiconductor wafer fabrication 
and particularly to chemical formulations that are utilized to remove residue from wafers following a resist plasma 
ashing step. 

Descrintinn ofth.P-^.A^ 

The prior art teaches the utilization of various chemical formulations to remove residue and clean wafers 
following a resist ashing step. Generally, these prior art chemical formulations include strong reagents such as 
strong acids, strong bases and/or highly reactive amine containing compounds. Such strong reagents can cause 
unwanted further removal of metal or insulator layers remaining on the wafer and are therefore undesirable in many 
instances. A particular problem with strippers containing both amine components) and water is corrosion of metal, 
particularly aluminum and aluminum-copper alloys. TTiere is therefore a need for chemical formulations which 
effectively remove residue following a resist ashing step which do not attack and potentially degrade delicate 
structures which are meant to remain on a wafer. 



SUMMARY OF THE INVENTION 

A semiconductor wafer cleaning formulation fbr.use.in post plasma ashing semiconductor fabrication 
comprising the following components in the percentage by weight ranges shown: 
chelating agent 2 - 98% 
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solvent 2 - 98% 

. X *° me preferred embodiment the chelating agent is selected from the group consisting of 2,4-Pentanedionc, 

Malonic acid, Ox alic acid, p-Toluenesulfonic acid, and Trifluoroacetic acid and the solvent is selected from the 
group consisting of Water, Ethylene glycol, N-Methylpyrrolidonc (NMP), Gamma butyrolactone (BLO), and Butyl 
carbitoL 

It is an advantage of the present invention that it effectively removes inorganic residues following a 
plasma ashing step. 

It is another advantage of the present invention that it effectively removes metal halide and metal oxide 
residues following plasma ashing. 

It is a Further advantage of the present invention that it effectively removes inorganic residue from a 
semiconductor wafer following plasma ashing without containing a strong acid, strong base and/or amine 
containing compound. 

These and other features and advantages of the present invention will become understood to those of 
ordinary skill in the art upon review of the following detailed description of the preferred embodiments. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Typical steps in the fabrication of semiconductor wafers involve the creation of a metaltzed layer having a 
patterned resist layer formed thereon. Such a wafer may then be exposed to a metal etching plasma (such as a 
halogen based plasma) to remove exposed metal. Thereafter, a plasma ashing step often is conducted (typically 
20 using an oxygen based plasma) in which the remaining resist is removed from the wafer. The result is a patterned 
metalized layer. 

This series of steps generally results in a residue which must be removed from the wafer prior to further 
fabrication steps. The residue following the plasma ashing step is predominantly composed of inorganic 
compounds such as metal halides and metal oxides. 
25 Various chemical formulations are currently used to remove the inorganic compound residues. These 

formulations are generally holdovers from older semiconductor fabrication wet chemical resist removal processes 
that were used prior to the introduction of the resist plasma ashing technology. The prior formulations thus 
typically contain strong acids or strong bases or highly reactive amine compounds to remove residues that remained 
following the wet chemical resist removal step. 
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TTic present invention comprise, chemical formulations for the removal of inorganic compound residues, 
where the formulations do not contain strong «*^ta^«^ iBta ««^ offc ^ lit 
formulations. T*e genera, formulation of the present i^ta^-rteco^^ ^p^,.^ 
following ranges (where the percent (%) given is percent by weight): 
5 Organic Chelating Agent | . J5% 

Water 25 . 99% 

Polar Organic Solvent 0-60% 
A Preferred general fonnutetion k created where «be organic cheating agent is Ca«echo. (1, 2-dihydroxybenzene) 

^ P °' ar is G-rnna butyrotacene (BLO). Thus, a preferred genera. formulation is: 

10 Catechol , . |J% 

Water 25 - 99% 

BLO 0-60% 

As is seen front the above formulation ranges, a first included series of formulations exists where there is 
^oBLOiHLO^y^it^^c^^ ,.,o%and water 90-99% Within these parameters a 
preferred formulation comprises: 

Catechol 7 ., 0% 

Water 90-93% 

Regarding the ihree component fom.ula.ions described above, a prefened three component formutetion 
within the range of parameters is: 
20 Catechol 7-12% 

Water 48-83% 
BLO 10-40% 

Both preferred formulations have been shown to be effective in removing inorganic compound residues 
following plasma ashing of the resist. Hie following examples describe the utilization of the preferred 
25 formulations. 
Example 1 

A first example of the present invention involved wafers having Mayer mete, lines containing a top layer of 
Htenium nitride (,200A .hiclc).a middle layer of aluminum W copper (0.5%) alioy (10.000A mick). and a 
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bottom layer of Titanium/Tungsten alloy (I500A thick). The substrate was silicon oxide and the width of metal 

lines was approximately 0.8 microns. 

The wafers were metal-etched with a chlorine-containing plasma which was followed by an oxygen 
plasma ashing of the resist. This was followed by immersion of the wafers in a bath of the present invention 
containing catechol 10%, water 50% and BLO 40% at 60°C for 30 minutes followed by washing with deiorized 
water. Further testing has demonstrated that effective residue removal is obtained in a temperature range of 45° to 
75°C, and with wafer exposure times in a range of 15 to 60 minutes. Additionally, rather than utilizing wafer 
immersion techniques, the solutions could be sprayed onto the wafers using automated spray tools followed by a 
water rinse. 
Example Jl 

A second set of wafers which were identical to the set utilized in Example I, were processed utilizing a 
different cleaning formulation. Specifically, the wafers were metal-etched with a chlorme-containing plasma which 
was followed by an oxygen plasma ashing of the resist This was followed by immersion of the wafers in a bath of 
the present invention containing catechol 8% and water 92%, at 60°C for 30 minutes followed by washing with 
deionized water. As with the prior example, a formulation temperature of 45 to 75°C with a wafer exposure time of 
15 to 60 minutes will produce satisfactory results. 

Regarding both examples above, inspection of SEM photomicrographs of processed wafers was utilized to 
evaluate the stripping effectiveness of the formulations and also to confirm lack of corrosi vtty to metal features. 

To someone of ordinary skill in the art it would be expected that chelating agents related to catechol and 
other polar organic solvents may also be utilized with comparable results. Catechol-related chelating agents would 
include derivatives of benzene, naphthalene, and aromatic heterocyclic compounds having at least two hydroxyl 
(OH) groups on adjacent carbon atoms. Other polar organic solvents which could be utilized include N- 
Methylpyyrolidone (NMP); Sulfolane; Propylene glycol monomethylether acetate (PMA); Ethylene glycol and 
propylene glycol; and Dimethylsulfoxide. 

Additional formulations have been developed for stripping wafer residues which originate from plasma 
metal etching followed by ashing. The additional formulations utilize the following components (percentages are 
by weight): 

A chelating agent compound 2-98% 
Water and/or a polar organic solvent 2-98% 
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The preferred chelating agent compounds are: 
2,4-Pentanedione 0-98% 
Malonic acid 0-10% 
Oxalic acid 

p-Toluenesulfonic acid 0-10% 
Trifluoroacetic acid 0-\2% 



Other chelating agents that provide good 


results are: 


Acetoacetamide 


0-15% 


Anthranilic acid 


0-13% 


Methyl acetoacetate 


0-10% 


Dimethylmalonate 


0-10% 


Boric acid 


0-5% 


Lactic acid 


0-5% 


Levulinic acid 


0-5% 


The preferred polar organic solvents are: 





Water 0-98% 
Ethylene glycol M8% 

N-Methylpyrrolidone (NMP) 0 -98% 
Gamma butyrolactone (BLO) 0-40% 
Butyl carbitol 0-59% 
Inferred solventformuladonsthata^ 
Mixtures of NMP (50-55%) and water (28-40%) 
Mixtures of BLO (40-50%) and water (30-50%) 

A significant feature of the new formulations is the use of a chelating agent in a solvent solution which 
does not contain any amine or strong base. 

Specific cleaning formulations include: 
2,4-Pentanedionc 10% 
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BLO 
Water 

2,4-Pentanedione 

NMP 

Water 

Oxalic acid 

NMP 

Water 

Methyl acetoacetatc 

BLO 

Water 

Malonic acid 

NMP 

Water 

Malonic acid 

BLO 

Water 

p-Toluenesulfonic acid 

NMP 

Water 
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40% 
50% 

10% 
50% 
40% 

5% 

55% 

40% 

10% 
40% 
50% 

5-10% 

50-55% 

40% 

5% 

50% 

45% 

10% 
50% 
40% 



Trifluoroaceticacid 



10% 



5 
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^ 50% 
Water 40% 



Other i ,3-dicarbony, compounds and related compounds are expected to display comparaWe 
performance. These would have the following general structure: 

y -CHR-Y in which 

R is either a hydrogen atom or an alky I group and 

XandYare functional groups containing ™«<«iply bonded moUics tepw™ «o have e.ec.n.n-wiU.dn.wine 

atom or group of atoms. X and Y may be identical or different 

Other non-amine polar o^anic so.™* are expectad to be su.td.le either along or when mixed with 
I. wou.d aiso be expected that inctusion of optiona. components such as surfactants, stabilizers, 
inhibitors, buffering agents, and coso.vente would conaitute obvious additions to mose practice* in me 

Commerciaily generated wafers which have been etched with chlorine- or fluorme-containing p,^ 
15 followed by oxygen plasma ashing have residues mat typically contain inorgaoic materials such as. bu, 
.o.a,umi„um oxide and titanium oxide. These residues are often difncultto dissolve completely without 
corrosaion of metal and titanium nitride features required for effective devic* performance. 

Four types of commercially genemted wafers containing vias and meta. lines were processed using the 
formulation of me present invention. In each case, following plasma etching and ashing, me residue 

wafers in an automated spray tool followed by a water rinse. 
Tlie four via and metal line structures were: 

0.8 micron diameter, four layer vias comprised of silicon oxide top and second layers, a third 

oxide. 

2- One micron diameter, two-layer vias comprised of a top layer of silicon oxide (7000 Angs. thick) 
and a middle layer of titanium nitride (1200 Angs. .hick) on top of a silicon substrate. 



water, 
corrosion 
art. 



not limited 
causing 



5 was removed 
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3. 1.2 micron wide, 4-layer metal lines with a top layer of titanium/tungsten (1200 Angs. thick), a 
second layer of aluminum (6000 Angs. thick), a third layer of titanium/tungsten (1200 Angs thick), and a bottom 
layer of titanium (500 Angs. thick) on a silicon oxide substrate. 

4. Two m icron wide, 3-layer metal lines with a top layer of titanium (200 Angs. thick), a middle 
layer of aluminum/silicon/copper (750 Angs. thick), and a bottom layer of titanium/tungsten (1250 Angs. thick) on 
a silicon oxide substrate. 

Based on inspection of scanning electron microscope photographs of customer wafers before and after 
treatment, the preferred formulations successfully removed residues without signs of corrosion on metal and/or 
alloy layers. 

While the present invention has been shown and described with reference to particular preferred 
embodiments, it is to be understood that other and further changes and modifications of the invention will become 
apparent to those skilled in the art after understanding the present invention. It is therefore intended that the 
following claims cover all such alterations and modifications as fall within the true spirit and scope of the 
invention. 



What 1 claim is: 
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CLAIMS 



1 • A semiconductor wafer cleaning formulation for use in post plasma ashing semiconductor fabrication 
comprising the following components in the percentage by weight ranges shown: 
chelating agent 2 - 98% 

solvent 2-98%. 

2- A cleaning foliation as described in claim . whe re in said cheating agent is selected from the w 
consisting of, 2,4-Pentenedione, Malonic acid. Oxa.ic acid. p-To.uenesulfonic acid, and Trilluoroacetic acid. 

3 Acle^fo^ult^asdescribedinctaim . wherein said cheating agcn, is selected from «he group 
conssiting of, Acetoacetamide, Anthranilic acid, Methyl acetoacctate, Diroetbylmalonate, Boric acid. Lactic acid, end 
Levulinic acid. 

shown is selected from the group consisting of, 2,4-Pentanedione 0-9S%, Malonic acid 0-10%, Oxalic acid 0-5%. p. 
Toluenesulfonic acid 0-10%. and Trifluoroacetic acid 0-12% 

5- Ac.eaningformu.a.ionasdescribedinctein, I wherein said solvent is se.ected fron, ft. group consisting of, 
Water. Ethylene glycol. N-Methylpyrrolidone (NMP), Gamma butyrolactone (BLO), and Butyl carbitol. 

6. A cleaning fomtutoion as described in claim . wherein said solvent in the percentage by weight range shown 
is selected from the group consisting of. Water 0-98%. Ethylene glycol 0-98%, N-Methylpymdidone (NMP) 0-98%, 
Gamma butyrolactone (BLO) 0-40%, and Butyl carbitol 0-59%. 

r A semiconductor wafer cleaning formulation for use in post plasma ashing semiconductor fabrication, wherein 
said formulation in the percentage by weigh, mnges shown is selected from the group consisting of: 
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2,4-Pentanedione 

BLO 

Water 



10% 
40% 
50%, 



2,4-Pentanedione 

NMP 50% 
Water 40%, 



10 Oxalic acid 

NMP 
Water 

Methyl acetoaceiate 
15 BLO 
Water 

Malonic acid 
NMP 

20 Water 

Malonic acid 

BLO 

Water 

25 

p-Toluenesulfonic acid 
NMP 



5% 

55% 

40%, 

10% 
40% 
50%, 

5-10% 

50-55% 

40%, 

5% 

50% 

45%, 

10% 
50% 
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Water 

Trifluoroacelic acid 
NMP 

5 Water 



40%, and 

10% 
50% 
40% 



8. A method for fabricating a semiconductor wafer which includes the steps comprising: 
plasma ashing a substance from die surface of the wafer; 

percentage by weight ranges shown: 
chelating agent 2 - 98% 

solvent 2-98% 

»• A method as described in clam, 8 wherein said cheating agen, is se.ected from me group consisting of: 2,4- 
Pentanedione, Malonic acid. Oxalic acid, p-Toluenesulfonic acid, Trifluoroacetic acid. 



•0. A method as described in ciaim 8 wherein said chelating agent is selected from the group consisting of: 
Acetoac^Anmran^ 

1 1 A method as described in c.aim 8 wheroin said cheating agen. in the percentage by weigh, ntnge shown is 
selected from the group consisting of. 2.4-Pentenedione 0-98%. Malonic acid 0-10%. Oxalic acid 0-5%, p- 
Toluenesulfonic acid 0-10%, and Trifluoroacetic acid 0-12% 



12. A method as described in claim 8 whercin said solvent is selected from the group consisting of: Water. 
Ethylene glycol. N-Memylpyrcolidone (NMP). Gamma butyrolactone (BLO), and Butyl caroitol. 
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13. A method as described in claim 8 wherein said solvent in the percentage by weight range shown is selected 
from the group consisting of. Water 0-98%, Ethylene glycol 0-98%, N-Methyipyrrolidone (NMP) 0-98%, Gamma 
butyrolactone (BLO) 0-40%, and Butyl carbitol 0-59%. 

14. A method as described in claim 9 wherein said cleaning formulation in the percentage by weight ranges shown 
is selected from the group consisting of: 

2,4-Pentanedione 
BLO 
Water 

2,4-Pentanedione 
NMP 
Water 



10% 
40% 
50%, 



10% 
50% 
40%, 



Oxalic acid 

NMP 

Water 

Methyl acetoacetate 

BLO 

Water 

Malonic acid 

NMP 

Water 



5% 

55% 

40%, 

10% 
40% 
50%, 

5-10% 

50-55% 

40%, 



>V 098/00244 . 

Maionic acid 

BLO 

Water 

5 p-Toluenesulfonic acid 

NMP 
Water 

Trifluoroacctic acid 

NMP 

Water 

!5. 
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5% 
50% 
45%, 

10% 
50% 

40%, and 

10% 
50% 
40%. 



A method for fabricating a sem iconductor wafer including the steps comprising: 
plasma etching a metelized layer from a surface of the wafer; 
plasma ashing a resist from the surface of the wafer following the metal etching step; 
cleaning the wafer in a following step -ing a chemical fonnulation including m^ 
percentage by weight ranges shown: 
chelating agent 2 - 98% 

solvent 2-98%. 

16. Araefcod as described in c.^ ,5 

Pentanedione, Maionic acid. Oxalic acid, p-Toluenesulfonic acid, Trifluoroacctic acid. 
<7. A^asdescribedinc^ 

cetoacetomide. Anthrani.ic acid, Methyl aoetoaceutte, Dimerayhnalonate. Boric acid. Lactic acid, and Levulinic acid. 
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18. A method as described in claim 15 wberein said chelating agent in the percentage by weight range shown is 
selected from the group consisting of, 2,4-Pentanedionc 0-98%, Malonic acid 0-10%, Oxalic acid 0-5%, p- 
Toluenesulfonic acid 0-10%, and Trifluoroacetic acid 0-12% 

19. A method as described in claim 15 wherein said solvent is selected from the group consisting of: Water, 
Ethylene glycol, N-Methylpyrrolidone (NMP), Gamma butyrolactone (BLO), and Butyl carbitol. 

20. A method as described in claim 15 wherein said solvent in the percentage by weight range shown is selected 
from the group consisting of, Water 0-98%, Ethylene glycol 0-98%, N-Methylpyrrolidone (NMP) 0-98%, Gamma 
butyrolactone (BLO) 0-40%, and Butyl carbitol 0-59%. 

21. A method as described in claim 15 wherein said cleaning formulation in the percentage by weight ranges 
shown is selected from the group consisting of: 

2,4-Pentanedione 



BLO 
Water 



10% 
40% 

50%, 



2,4-Pentanedione 10% 



NMP 
Water 



50% 
40%, 



Oxalic acid 5«»/ 0 



NMP 
Water 



55% 
40%, 



Methyl acetoacetate 



10% 



WO 98/00144 

BLO 
Water 
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40% 
50%, 



Malonic acid 

NMP 

Water 



5-10% 

50-55% 

40%, 



10 



Malonic acid 

BLO 

Water 



5% 

50% 

45%, 



15 



p-Toluenesulfontc acid 

NMP " ; 7 " 
Water 

Trifluonoacetic acid 

NMP 

Water 



10% 
50% 

40%, and 

10% 
50% 
40%. 



22. A method as described in claim 8 wherein the wafer is exposed to said chemical formulation for a time period 
of 15-60 minutes at a temperature range of 45-75°C. 



23. A method as described in claim 1 5 wherein the wafer is exposed to said chemical formulation for a 
of 1 5-60 minutes at a temperature range of 45-75°C. 



time period 
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